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P U R P O S E  OF THE STUDY. 

The influence of a virgin western yellow pine forest on 
the accumulation and melting of snow was studied a t  
the Fort Valley Experinlent Station, Arizona, durinm the 
winters of 1910-11 and 1912-13 u on two areas, a&e in 
all re8 ects, escept that one was Y orested and the other 
natura E y treeless. 

National P orest on t'he Colorado Plateau, at the base of 

lateau be P ow the yellow pine type, from 6,500 to 5,000 

ClimutP.-The c 7 iniate of the region shows very marked 

THE R E Q I O X .  

Topo.gra Ay.-The areas stuclied lie within the Coconino 

the San Francisco Mountains, the highest peak of which 
rises to an elevation of 12,794 feet above sea level. The 
beau has an sverage elevation of from 6,000 to 8,000 

Peet above sea level, and is alniost unifoiinly covered by 
B western ellow pine forest. The forested portion of the 

- Let, is covered by three species of juniper, the pifion pine, 
several species of oak, and other hardwoods. On the 
elopes above 8,500 feet the principal species are Douglas 
iir, white fir, corkbark fir, limber pine, bristle cone pine, 
and Engelmann s ruce. 

seasonal changes, and eat variations between day and 
night temperatures. K e s t s  are found only a t  elevations 

93815-1.5---!? 

above 5,000 feet. The lowlands between the mountain 
ranges support nothing but desert vegetation. 

l h e  average annual precipitation in the western yellow 
pine forest on the Colorado Plateau amounts to ap rosi- 
mately 24 inches. Instead of being e ually distri Y l  uted 
throughout the ear, i t  occurs in two wJl-cli+ined eriods, 
during July an z August in the form of thunder s P iowers, 
and from November to April in the form of snow. 'i'he 
period intervening between the winter snows and the 
summer rains, from about A ril 15 to July 15, is marked 
by desiccating high winds isom the southwest. These 
three months of drought are exceedingly trying to vegeta- 
tion. The im ortance, therefore, of snow as a source of 
water surfly P or irrigation , stock interests, and 
various a led industries is o 

Forests and parks.-In Arizona, western yellow pine 
grows naturally in o en stands, the trees forming small, 
practically even-a ex groups of from 2-20 individuals 
with various sizef openings between. These openings, 
comprising usually not more tlim half an acre, make up 
ap rosimately 65 per cent of the total area of the western 

Occasionally these openings arc w r y  large, covering 
several square miles, and have agricultural value. The 
origin of these I' parks "' or treeless a.reas, which are 
typical of tlie whole plateau, is still :in undecitled uestion. 

esperiment station takes its nttnie, covers about 3.4 
s uare niiles and lies 9 niiles northwest of the town of 
Fyagstaff in the Coconino Natioiial Forest. The park is 
practically level and hns an average elevation of about 
7,250 feet above sea level. The general drainage is 
toward the sou tlieast. The timberlmd surrounding the 
park, except in one or two places, rises on a very gentle 
slope. The outline of the park is irregular, with tongues 
of timberland jutting out into it a t  various places. 
Together with the tiiiiberland ininiediately surrounding 
it, it constitutes a nrtial basin opening to tlie southeast, 
with a rim forniecfbg the San Francisco Mountrtins on 
the north and east, Wing Mouiihiii on the west, and 
Crater Mountain on the sout,li. Between these moun- 
tains rid es or mesas rive from 100 tc) 200 feet above tlie 

The soil in both par - and forest consist8 of it day  loam 
mised with volcanic rock fragment.s and underlain by 
cinders which usually occur in the forni of alt.ernate coin- 

act and loose layers, beginning from lG to 30 inches 
eelow the surface. In the forest t.he surfwe is generally 
covered with rocks, while in the parks tlie soil is fine and 
alluvial, having been washed in from the surrounding 
higher areas now occupied by the forest. 

About two-thirds of the park is under cultivation, tlie 
remainder being covered with grnniiua rass and a 

ye P low pine forest in this region. 

Fort Valky Park.-Fort Valley Park, from w % ich the 

f level of t % e park, coni leting the rim. 

variety of annual ancl erennial herbs. B n the forest 
bunch grasses take the p r ace of the gramma grass. 

of vertical stakes marked o E in feet and inches. One 

M E T H O D  A N D  C H A R A C T E R  OF O B S E I W A T I O N S .  

Snow depth.-The snow de t.h w s  measured by means 

series of 10 stakes, 3 by 3 inches by 5 feet, was placed in 
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the park and mother series in the forest. The ground 
cover around the stakes was disturbed as littmle as possible. 

The stake line was adjacent, t.0 t.lie met.eorologic?l. &a- 
tion of the park and represented average park conditions. 
(See fig. 1.) In 
the winter of 1910-11 t1e st& line estended in a 
northwesterly direction from the meteorological station 
and the 10 stakes were set! a t  intervals of from 40 to 50 
feet. I n  the winter of 1913-13 t,lie stake line extended 

' due north from tlie. same stntion, w-it,h 10 stakes set a t  
in tends  of one chain or Gli  feet. 

A line of 10 stakes u-as set up in the adjacent forest, 
as shown, immediately soiith of blie forest niet.eorologi- 
cal station. I n  order t.o iiiake the forest, stake line c.oiii- 
parable to the park line, it was necessary to 1ocat.e t,he 
stakes in the forest on n southerly slope of from 3 to 5 
degrees, thus tending t.0 make t>lie records of melting of 
the snow in the forest hiwlier than for the forest, ns H. 
whole. In bot,li winters t,Ee stnlres mere set at irregy1zi.r 
intervals in order t,o represent, conditions in the openings 
and under the groups ol tsees. Five of the stakes were 
1oc.ate.d in various positmioils under t.he crowns of trees, 
and the other five iii various posibions in tlie openings. 
!hili 3-foot strips divided into indies and tenths of 
inches were attached to thc stakes of both lines for the 
sake of more accurat,e mensureiiient. I n  order that, t,liere 
might be no error in dept.11 readings on account, of t.lie 
formation of snidl hollows around t,lie stnlres by ratlia.- 
tion, measuremei& were niatle by lnyiiig R long thin 
stick on top of t,he siiow and it,s line of iiit,ersectioii wit.h 
the stake taken as the reading. 

Measurtmentu wcrc taken ininiediately btnforc : b n d  
dter cadi snowfall, w1icncvt.r possible, and the renclings 
on tlie park and fortst stnkos avi*r:~gyd sqm-:itcly. 

in~iiic~clintdy ht-fon. nnd nf ter R stnriii, i t  was nlwnye pos- 
sible to tnlw thmi brforr :~ny :ipprrciJil(. set.t.ling of thc 
new snow had occnrrrd, mrl i t  W:LS invariddg pussiblt' 
to (lis tinguish bc twwi tlic old and ntw 1:aycr of snow, 
and thus clettwiiim t!ir clvp tli of c~c l i .  C';arp I\TLS tiikt'li 
to keep the sncw o o w r  ;irouiid the s t:bkw unhrokcii. 

illeawretmwt of ,tm?iiitq. -The snow s t d i r s  mere nlso 
used to cl(~ter11iiiit~ thc rate of iiirlting. In the winter of 
1910-1 1 ,  nicwurmieii t of incl tiiig wiw tdwn :dini~ist 
daily n t  tht? iiic~tcc~rir1o~ic:nl stntic-]lis in canjuix tic in with 
the mctcorcslirgi.loa1 1-11~~;crrntic-ins. In 1U12-13, d:dr 
nieasurciiiicnta of iiic!ting, with nie be( ~rological rC:Ldings, 
mcrc nlwi~ys possible. 

In  the wintcr of 191@-11 a seric-.s of phntiigctplia (WP 
fi  7 .  6-9) was tnkcii crcry weck along both st:~ke 1iiit.s to 

forest and p:irk. 
1ktc.r epuirrrZant.v. -For dctcrniining thc wnttr  ccluivn- 

lclit of snowlr, t~ wcticiii of ii\-crng(' depth W - ~ S  cut, out n-it>li 
the overflow can of the stnndwtl rningngc., and 1iii:ltcd 
in a known qumtity of hot wiitcr. Tlris niethucl is very 
siniplc, and was found t i l  be tlie iiicrst nccurnttb. 

In  the winter of 1910-1 1 ,  water equivaltants wcr(* 
determined o d y  in connection with snowfall. I n  
1013-13, in addition bo this, wtvldy watcr e q u i r n h t  
detcmninations wcro iiinclc of the total snow on the pound 
in tlie forest and in t h  park. 

After tho total dim qmiraiice of snow in thc p r k ,  

e uivnlent of thwc ilriftv was detiwiiinecl n t  intcrvrds of 
a 1 ew days until thcir dis:ippenrance. 

The site slo es slinhtly to the nort,Ji. 

Whenever i t  wiis not prjldaidd(> to tal- \c' 1 1 1 ~ i ~ i U r P I i i ~ i t ~  

il i? ustrntc thr c!iffercw.e in the charnctcr of melting in thn 

drifts of snow reniainrc \ in the forest. The total water 

Soil ,m&ure. -In order to dcteillliiie the relstivr 
nmounts of snow wntcr sbsorbPd by the soil in the forested 
and noilforestrd :brtvLs. : L i d  t h ~  retention of this snow 
water, a serics of soil s:~inpl~s W:LS taken in the winters 
of 1910-11 and 1912-13. 

I n  the winter of 1910-1.1, a series of soil samples was 
tsken weekly for four weeks hcginning March 15. 
Another set 1173s tnkrii on April 39, nncl the last set on 
May 29, two and one-half iiioiitlis nf tcr tho diasppcursnce 
of tlic park snow. Tn-elvc snniples were taken on each 
date in the ark, in 3 cliffercnt locntions and at  4 
difftwnt drpt r is. I n  thc~ forest 16 snmplcs were taken 
on circh dntc, froin 4 dif€ercnt locations, and at  4 dif- 
fermt clepths. Tlic 4 clqiths a t  which sniiiples were taken 
during this winter were 8s follows: 0-1 inch, 1-4 inches, 
S-10 iiwhcs, 16-1s inchcs. 

Duriii the wintcr of 1912-13, the first set was taken 
on MnrcE 24 :Lnd the last, on -June 13, in thc midst of the 
dry sc~:~soii. A tutnl cjf five sets wis tn1rt.n a t  intervals 
of approsini:btdy thrtv wreks. In the pnrk two bcali- 
ties i v t w  always oliosen, one n slight north slope nncl the 
other n slight south slo (1, niicl a total of 30 saniples was 
takcii a t  erdi  of tlic? fo i owing depths: 4-8 incht?s, 12-16 
iiiclies , 2 4-32 inch tis. 

In  the forest two samples were t.nken t i t  each of tslie 
 bore depths in each of thc following four situat,ions: 
(1  1 Pout,li siclo of t.rees: ( 2 )  north side of trees: (3) 
tlirtvt,l?- undrr twes : (4.1 i i  eiiinp. 

rrilus t~ ie  important couJtinns in t ~ i e  forest were repre- 
sented. All tho park :md forcwt sn!nplea were weighed, 
:uid heated in a soil oren zit 100°C. until 11 practjiclzlly coii- 
st.niit weight w-ns reached. The nioisturc! percont.ages 
are hiisecl iipcrn the wejg!it, of t,he clry soil. 

Soil tr,lip'.'.:it,ul.c.--SIiiee spocin.1 soil l.heniioiiiet.ers ~vere 
not. nv:rilnhlr., soil t ~ e i i i ~ ~ ~ ~ r ~ i t ~ i i r t ~ ~  were clet,t~miinerl by 
iiiciiiis of ~~01111~1uii espost?cl t.liernininr.t.ers suepended 
within n \vooilcn casing. It was found inipract.ic;hlr t.0 
t.akc rc?:idings Curing t.lw winter mnnths, hciiuse t h  cas- 
ings 1w:iiiie Icillecl wit,li wntw, whicii, on freezing, nisde it 
iinposddc t.ci rrtisc t.lie thniioniot,c:r for reading. For 
t,his rt?;wni t h  iiica.~;;urei!it?tit, of soil t,eiiipernturcs did not 
hegin unt.il Mu)- 1.  Thi! thrmom rs were ,Incclcl at 8 
depth nf 2 fivit.. Ihdings were t'akcn dai I J- between 
s sncl 9 a. Ill. 

Frwt.--Tlie cn I:?cit,.v of n soil to d J s i r ? >  mttcr frcm its 
surfaco is c l B c x d  t,o :L c:ertaiii clqrtw 1))- tlie presence or 
ithscnCi? of frost,. During the wiit,er' ( . if  I !llO-ll frost 
depths \VWC clt?t.r~~lii1icd in J;t1lu:Lrylr, I'c.~)~I.I:wY, i d  

AI:~rch. In the forest, t,Jwy n-iw ilet t~rniiiicd in the open- 
ings :~iiil micler t,Iie ~ r ~ w i s .  Dct,criiiiiiat,ions were also 
iiindc .duriiig t,he wiiit,cr of 19 IZ-13. In  t h e  forest, the 
following sitnations \vert? selr?ct,od: Nort,li side of trees, 
soiitli side of tmes, :~nd openings. In t,he park two situa- 
t,ioim were chosen, oiic on ii :diglit north slope rtncl the 
otl1w 011 thc lo.pcl. 

A')t.cjuy wcoi i  ,ioiusir.?i.re..--iift er nll the snow had &zip- 
pcnreil froia t,he p d i  in thc spring of 1913, three 10-acre 
ht,s of br .wI  for& lniicl ntljiweiit to tlie nrk were covered E, n snow rcc'onnoissnn(:e nt. int,crvds c, P 4, s, nnc~ 12 days, 

respwtivcdy, in ilrtler t,o deterniine .the actual amount 
of snow ret,ninecl by t,hc forest, per acre. It was thought 
bettw t.o distdmte tlic recoiiiioissnnce tin three cliff erent 
areis : b t  three different times rather than to confine all 
t , h e  pwinctic. nieasiireiimit,s t n  one arm. The maximum 
dcpt.Ii niicl t,lio averagt: clcq)th of the drifts encountered 
was cletomiiiicd. In nclditioii, the length and width of 
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view of Fort Valley “park” and the surrounding country February 21 1911. Note the snow banked on the windward side of the rail fence. Meteorological 
stations No. 2 (park) and No. 3 (foreat) are indicated by X. 

FIG. 2.-DetaflS of meteorological station No. 3 (forest). 
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Iiirhes. 
IBOIHE) .............................. 78.6 

1910-11.. ............................ 1s. 35 
1911-12.. ............................ 63.1 

. .............................. I i1.1 

191913 ..............................I 72.8 

the drifts were measured. The water equivalent of the 
snow composing the drifts was ascertained a t  the end of 
each $-day interval. 

METEOROLOQICAL RECORD. 

Three permanent met.eorologjcd stations are main- 
tained at  the Fort Valley Experiment Station, and since 
two of thesO are immediately adja.cent to the st,ake lines 
the daily readings taken there were of great value in this 
study. Daily meteorologicti1 records have been kept at 
these three stations since Januar 1, 1909, by means of 

United States Weather Bureau and installe under the 
su' ervision of its officith. 

Lation 1 is situated a t  the edge of t.he timber on the 
west side of t.he park, with an elevation of 7,260 feet. 
The apparatus consists of a maximum and minimum 
thermometer, a' Robinson cup anemometer, a sling 
psychrometer, a wind vane, and an evapomtion pan. 

Station 2 is situated in the o en park at  an elevation of 

equipment as Station 1; in addition, a series of snow 
stakes at which snowd'all and mcdt.ing measurements were 
taken for this study. (See fig. 3.) 

Station 3 is located in a typical virgin st.and of western 
yellow pine, 1,450 feet from t.he edge of the.park, at  an 
elevation of 7,350 feet. The forest snow stake line begins 
at this station aiicl estends in ti. general southerly direction 
to the edge of the park. (See fig.  2.) 

t; standard instruments furnished P or this pur ose by the 

7,250 feet above sea level, an f; has practically the same 

COMPARISON OF SXOWFALI, I N  PARK I N D  FOREST. 

General PA cc.,nrier ~ f '  sn oicfirll .-During n ornial years, 
according t.o United States Weather Bureau records at  
Flagstaff, Arix., which have been maintained for 13 years, 
the snowfall of the wiiit,er season begins about t,he middle 
of Novemher. The first snows, up to the middle of De- 
cember, are usually lielit and wet. a.ncl disappear very 
rapidly. The suc.cee8ing snowfalls are heavy and dry 
and keep the ground covered t,o n depth of 1 t.o 3 feet 
throughout the winter. Usually about the beginning of 
March the spring thaw sets in, causing the snow to dis- 
appear in about two weeks. Light snows occur through- 
out the month of March and in t,he early part of April. 
Like the first snows, these are moist, and melt soon after 
they reach the ground. 
TABLE 1.-Comparison of prwipitatioa for the five winter seasons, 

190849 to 1912-18. 

[Aversgo of park and forest.] 

Itiches. 1 Inchcs. Itichcs. 
15.67 
10.59 

9.10 12.90 
6.55 1.62 8.17 

8.11 7.95 
I 

Writer. 

This brief comparison shows clearly the abnormal 
character of 6he winter of 1910-11, and the normality of 
the winter of 1913-13, the winter during which this 
study was conducted in most detail. In  the winter of 
1909-10, a iiornial one, the observations were niacle dong 
the same general lines by H. D. Burrall at  this station. 
Since the results obtained by Mr. Burrall correspond 
to the results during a subsequent normd and abnormal 
winter, the conclusions drawn in this study can be taken 
as a plicable to this region under average condit,ions. 

winter of 1910-11 was very abnormal, and was character- 
Tp. anter precipitation, 191&11, trnd 1912-1S.-The 

ized by a small total snowfall and frequent interspersing 
rains. The fk t  snowfall, occurrin on November 5, 

Succeeding snowfalls during November were of the same 
character. A permanent snow cover was not established 
until December 20, increasing to 6.1 inches in the ark 
and 5.7 inches in the forest until December 38. Aide 
from a snowfall of 1.1 inches on December 31, the snow 
cover gradually decreased until a heavy rain and thaw 
set in on January 11. Showers, now and then changing 
into a wet snow, occurred frequently from then on to 
February 4. The effect upon the snow cover w-as 
exactaly t,hat of the later sprin thaws; the tiitire park 

banks of snow remained in the forest o enings. A fall 
of 3.1 inches on February 4 reestablishe a the snow cover 
which att,nined its niasimum depth of 7.7 inches on 
March 4. Four days later, on March S, the spring thaw 
set in and bared the ark in five days. The last snow- 
falls in March were lig E t and wet and, like the first snows, 
melted rapidly. Heavy drif t.ing occurred but twice, 
during February, before an exst wind blowing 50 miles 
an hour. Naturally more snow was displaced in the park 
than in the forest, since the park snow was esposed to the 
full unbroken force of the wind. 

The winter of 1912-13 was a fairly normal winter, 
althou h preceded on October 5 by an abnormally early 

by much rain and high t,emperatures, and entire y dis- 
ap eared within a few days. On October 30 and 31 two 

Two light snows occurred during Novem er, neither of 
which forniecl even a temporary snow cover. On 
December 8 a snowfrtll of 4.3 inclies eshblished a snow 
corer which was thereafter ma.int,ainecl throughout the 
winber, reaching a iiia.siniuni depth of 33 inches in the 
park on Fel>rua.ry 2s. Slight thaws occurred at  irregular 
intervals during February and the first two weeks of 
March. The heavy spring thaw set in on March 26, and 
bp April 3, one week later, the psrk snow had entirely 
dlsappeared. In the forest nunierous heavy drifts of 
snow persisted for several weeks. Tables 2 and 3 
present sonie of the dot,ails for each storm passing over 
Fort Valley Experiment Station during the winter of 
1910-11 and 1918-13. 
TABLE !?.-&'notifall nnd uliiid moilenlent for cadi storm duriiig the winter 

[Rainfall during winter=g.l inchcs.] 

1910, was light and moist, a.nd meted K the same day. 

covering disappeared within a s E ort time, while but n few 

r snow o 'i 6 inches. This snow was very wet, accom anied 

lig K b snows occurred, but this f d  rapid1 disappeared. E 

of. 1910-11. 

i I Depth of snowfdl. 1 I Wind velocity. I 
Wind di- 

mean for rection. Date. 

................. i Nor. 5 
15 ................ 
16.. 
19 

Dee. 20 ................ 
27.. .............. 
2s.. .............. 
31 ................ 

Jan. 9-11.. ............ I 
11.. .............. 
21.. .............. 

Feb. 1 ................. 
4 .  ................ 
13 ................ 
14.. .............. 
15 ................ 
lrl ................ 
20. ............... 
26. ............... 

Mar. 3 ................. 
I ................. I 

.............. I 
I ................ 

Mis./hr. 
4.0 
1.0 
2.5 
2.5 
7.0 
3.5 
2.5 
3.5 
6.0 
3.5 
4.0 
7.0 
2.0 1.0 s\v. 
5.0 3.0 sw. 

13.0 6.5 2.5 1.5 sw. 
sw. 

o.n 3.0 j sw. W. 1.5 1.5 

2.0 1.5 w. 
4.0 3.5 SW. 

6 ................. 0.9 0.B 0.2 
11 ................ 1 0.161 0.1B( .......... 
Total ............. ab45 27.45 3.SS I 4'4.6 

-- i I 
- i s . /hr .  

2.0 e. 
0.5 w. 
1.5 w. 
1.5 e. 
2.5 w. 
1.5 w. 
1.5 e. 
2.0 w. 
2.5 sw. 
2.0 e. 
2.0 sw. 
3.0 sw. 

' 

*Averages. 
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---- - 

oet. 5 ....... 
30 __.__. 
31 __._.. 

Nov. 11 ...... 
20 ____.. 

Dee. 1 ....... 
2 ....... 
3 ....... 
7 ....... 
8 ....... 
9 ....... 
15 _ _ _ _ _ _  

TABLE 3.--cCioii$aU and wind niotxmmt jor each stori), during the u:inlw 

[Rainfall during dnter-0.19 inches.] 

oJ1914-1s. 

- 
Im-hcs. 

6.0 
0.75 
0.50 
n.4 
0.65 
0.4 
1.5 

T. 
1 .2  
4.3 

T. 
0.15 

-- I Depth of snowfall. 

MisJhr. 

. 4.0 
2.0 
3.0 
4.0 
1.5 
1.0 
2.0 
7.0 
1.5 
1.0 
4.0 

2. n 

Date. - 
Park. -- 

SW. 
sw. 
ne. 
w. 

w. 
s. 

ne. 
se. 
ne. 
sw. 

sw. 

w. 

Inches. 

I). Q3 
n. 11 
n. 14 
0.07 
0. P i  

0. 111 
I). 45 
0.02 
0. 01 
u. 03 
(1.02 
0.53 
0.21 

0.1s 
0.07 
0.34 
0.03 
n. 21 
0.M 
1.22 
0.27 
(1.03 
0.19 
0.41 
0. 21 
0.12 
0.32 
0. IJB 
0. 03 
0.11 
0.07 
0.19 
0. -11 
0.09 
0.04 

11.98 
11.04 

T. 

0.19 

Tots1 ______.' 73.05 i . __ . -. -.. 

NisJir. 

7.0 
5.0 
5.0 
2.5 
2.0 
2.5 

13.0 
5.0 
$5 
I .  5 
7.0 
3.0 
3.5 
5.0 

3.5 
3.0 
2.0 
7.5 
i. 5 
-1.0 
13.5 
7.0 
8.0 
6.U 

5. n 
5. n 

11.0 

- 
Forest. 

2.1.. .... 
2s ...... 
26 ...... 
2i ...... 

Mar. 12 ...... 
13 ._.._. 
14 ...... m. ..... 
21 ...... 
24 ...... 
25 ...... 
26 ...... 

hpr. 2 ....... 

Inr1rf.v. 
ti. 0 
0.75 

0.4  
0.05 
0.4 
1.4 

1.3 
4.3 

u. 1 

6. I 
2 0  
1.3 
1.9 
Q. 3 
a. 7 
0.3 
2.6 
0.7 

11.7 
2.9 
0.7 
1.1 
3.2 
3.7 
1.6 
3.4 
0.5 
0.3 

0.5 
2.2 
3.9 
1.11 
I). 2 

72. ti 

n. 50 

T. 

T. n. 1 

n. 

n. 8 

-. .... 

1.1 
3.2 
3.9 
1.6 
3.5 
0.5 
0.3 
1l.S 
(1.5 
2.3 
3.4 
1.0 
0.3 

l'ark. 

Iiichts. 
0.915 
0.04 
0. o:! 
0. 11 
0.15 
0. n i  
0.27 

0.11 
0. X2 
n. 0' 
0.02 
0.02 
0.02 
0. 54 
0. %i 
0.17 
0.1s 

0.35 
0. m 
-0.3 

0. IrS 
1.21 
0.25 
0. 04 
0.12 
0.40 
0. I 
0.13 
0.53 

T. 

n. 07 

0. na 
u. n:: 
0.11 
0. n i  
0.19 
0.38 
0.09 
u. 04 

i. 98 
- 

3 

4 

5 
6 

I 

S 
9 

in 

Forest. Park. 
--- 

16. 4 

:%I. 7 

1s. R 

8 . 5  
2s. s 
26. s 
26.9 

23. s 
33. 7 

7.93 1 

4. u 
11.0 
7.0 
s. 0 

12. 0 
6.0  

10.0 
6.0 
9.0 
Y. 0 
2. (I 

*ti. 2 

io. n 

ibmlnir-isorb qf' t r r r i o t i n t  qf snnwjiill *hi jbwst u r d  pork.- 
This has been the subject of iuvesti$ntion n t  the Fort 
Valley Esperinient Sttition since the wnitw of 190s-9. 

Table 4 shows tlic rthbive s n o d i l l  in the pmk ai i t l  
the forest, for the past four winters. 
TABLE 4.-Coiiipr~soii of siioiijnll in pnrk crnd forest nl Fort l ir l lry .  

........ -- ... -. ............. - .... .. 

Winter 01- 
H'ater 

~ Snow. l e q ~ ~ ~ ~ ~ n t , ~  Snow. 1 equivalent. __ ....... .-.I ... 

I Inchfs. ' ! Iiwhes. i Iiwhes. ! Inehci. 
l!XWlO .............................. 
1911-12 .............................. 
1 9 1 ~ 1 1  .............................. i 27.45 

191213 .............................. 1 52.6 

This record for four winters is very brief aiid shows 110 
consta.nto relat,iou between :iiiiount of snowfall in the forest 
and in tlic park. During the lat,t.er part of the winter 
of 190s-09, W. R. k t k o o n  1 iiincle a yet briefer study of 
this subject in t.his locality, and conc.luded tlitit. the 
~iiowfall W ~ S  soniewliat, grei1tmc.r in the forest because 
of trlie a.ccelera.t,ecl wind velocity over the parks, result- 
ing in a lighter de )osit.ion of snow, n case siiiiilnr to 
the deposition of silt. in strenni courses. The u-inter of 
1911-13 also shows slight excess in the forest, but in 
1909-10, 1910-11, and 1913-13 there wlis n slight ~ S C C S S  

~ 

1 Mattaon, W.R., l!:ffects of Forest upon Snow waters. Forestry quarterly, 7,246. 

in tlic park. So far as such studies permit, the conclusion 
which map be drawn is that there is no appreciable 
difference in the aiiiount of snowfdl in forest and park. 
,4 great deal of SIIOW is occnsion:dly deposited in the 

tree crowns, especidly during storiiis with very light 
winds mid wet snow. Most. of this snow is subsequently 
hlomii OR into the o ~eiiiiigs within thc first few days. 
The uniount of snow t I ius nccuuiulnting in the crowns n.nd 
subsequent,ly blown off c:in not lie nccurutely nmwired 

enough to cause r u  )id melting the snow falls off in so "kh d 
because of the fact that. when t.enipernt.ures are 

masses wliicli 1)reak tlirougli the surface of the snow al- 
ready on t,lio ground, nnd dn not, increase the depth of 
the snow layer. A lit.tle of the snow retined i n  the 
crowns evaporates, nud never reaches the ground. Tern- 
pornry retention 0€ snow in the trcc. crowns niakes an 
nccurat,e forest,-pxrk snowfnll comparison prlict,icnlly im- 
possible. Esclusire of t.liis t,enipornrilj- retained siiow, 
the forest and park snowfnll records for four consecu- 
tive winters show prncticitllg no cliffcrence for the two 
si tu nt ions. 

Cc,m ariaon. of d~istir'bution of snou~fall in  p r k  and for- 
&.--T B i~ c1ii~rac.t~ of llcposition in tlic forcst and the 
park diffcis greatly. In the park thc snow falls in B layer 

winclwiircl and lcciwnrcl sic es of rail fcmccs. In t i c  P On forest the 
p i c  bicdly uniform in (le tli cwq t for bnnkin 

most of tlie snow is dc~~ositcd in drifts in tlic openin 
nccompnnied by a T-CTJ- light CIcpwitt dircctly under t!fL 
crowns of the trws. 
snowftill the cliffcrenw in deposition uiicler uiid outsi dy e 
of the crowns is slight. 

Tithlcs 5 and GI which present rtwirtls of tlic winters 
1910-11, and 1913-13, c11wly SllOW that 011 those. occa- 
sions in the forcst the snowfall directly uiicler the C ~ O W U S  
of the trees WRY very iiiucli less than on :ir~as outside L 
crown cover, and thnt in tlie piirk the s11o\v fell in pmcti- 
cally ti11 evcw layer. 

P 
Howwr, during a v i q  light, dr 

1'AHI.E 5. .  --Totctl s imr i f i i l l  at mrlr xtoX'c~Jviiii De(>!(.. I ,  I $ l U ,  lo d p .  1. 1911. 

I'AHK. 

2i .  6 
4 2s. 9 

32. A 
3?. 6 
5.7 

; 9 2S.Y 
2s.1 

8 

i 10 j 

Stakes e uidistant from i 
oil@ m a k e r  in the open 
pmk. 

i 

FOREST. 
- 

1 1 31.:; Slight i>rotectioii froin tree 
rrowils. 

Almost entirely surround- 
ed hy tree I rowns. 

Little protectiou from 
crmvns. 

Entiroly protected by tree 
zroup on southwest. 

X u  prr.tertion. 
Protea-lien Irum northwest 

whirh i3 unimportant. 
Slight protetticn Irom 

group 01 reprodui!tion. 
Bli@it protertim on west; 

yotected on northwest. 
Furly well protected from 

all directiuw. 
No crown prot.oL tiou. 



I 
._ . . 

FIG. 3.-Details of meteorological station No. 2 (park). This view shows both the Bigelow “snow bin” and the 
Marvln shielded mow gage. 

FIG. 5.-Qreater influence of a low wide crown (blackjack). 

.4.-Slight influence of a high n (yellow pine) and that of a dead t 
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TABLE &-Total snowfall at each stabfrovt Der. 1,1919, to Apr. 2,191;. 

PARK. 
In the forest only n thin layer of snow is deposited 

nnder the tree crowns, ant1 when this is oncc brokeii melt- 
ing progresses more nipidly. Very iniportant in the rate 
of nieltnig is the radi:it.ing influence of trees, reproduc- 
tion or new growth, surface ro~'ks, and leaf littcr. Even 
aft,er the 1ie:rviest snowfall theg-mind dircct,ly under the 
tree crowis is dniost bare wit.liin n fcw tlnys. These bare 
areas give L further iinjwtus t.o the iiieltintr of snow im- 
nimIinteJy a.rounc1 t~ieni. ~11ej -  tire (1evoi8 of frost long 
before any situation in t.ho park, and hence w e  capable 
of :ihsorbin.g the water rrsult.ing from the me1ting of t.he 
snows lnte in the winter. This point will be brought out 
in detail Inter. 

Because meltin is so much more ratpic1 in the forest 
heforc the spring t 5 mvs, the nniount of snow in the fqrest 
:i,t :my given t.iiile during the wint.er is often less tlinn in 
t.he p r k .  This; together wit.h thr! conipurative rate of 
nielting in the park and forest, is brought out by Tables 
S mrl 9. 
TABLE S.-Fkiehntions of snow wiw i n  park atid forest from Dec. 87, 

1910, to Mar. 22, 1911. 

Remarks. 
I i ... . _. ...... .... - . 

St+c3 set at 1%-foot intervals I 
in the open ark. Thus I 
conditions at 51 the stakes I 
are practicallv the some. I 
st,akes 4, 5,li,'anrI 7 are on I 
a sllght uorl h slope. 

I 

Inchr8. 
01s. 5 
IPi. 0 
li5. s 
I*. 7 
E. 2 
tip. 5 
la. ti 
n4. 4 
01.5 
62.2 

1 
2 
:1 
I 
5 
0 
7 
8 
9 
10 

FOREST. _ _  .- 

Tn.C!<S. 
11,. 2 
in. 2 

50.0 

81.1 

72.5 
59.1 

69.0 

62.2 
45.7 

7s. 1 
. - - 

Practically no protection. 
No trees in immediate vicin- 

ity. OmuD some dlstancc 

1 
2 

3 

4 

5 
6 

7 

8 
9 

10 

to sonthxest. 
Located in midst of emm of 

- .  .. 

Date. 

1910. 
Uec. 27 

2s 
29 
30 
31 

1911. 
Jan. 5 

ti 
7 s 

9-1 1 
12 
13 
14 
15 
16 
17 
1s 
19 

21 
2G 
27 
28 

Feb. 1 
2 
3 
4 

m 

.. --- ....... ............ 

.\wnge de th ' Water oquivs- 
~ o n g  stakeEne.1 lent. cinitv 

Partial ' rotection. 
L o c a d i n  middle of dense 

No protection. I 

@'OUp. 

I 

Puli.  

Inches. 
G. 0 
6.1 
3. s 
3.6 
9.7 

. _- 
Forest. 1 Park. I Forest. )I Park. 

Inchrs. 
4.8 
6 8  
7.2 
4. 6 
3.6 
4.9 
4.6 
4.4 
4.3 
4.0 
7.0 
6.1 

5.3 
4.9 
e. 8 
7.7 
5.5 
6.4 
6.0 
5.7 
3.7 
1.8 
0. 2 
1.6 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

- 

a 5  

n. o 

- 

- 
rlZChf8. 

5.6 
5.7 
4.3 
3.9 
5.1 

-- 
1911. 

Frb. 14 
15 
16 
18 
19 
20 
21 
22 
23 
2.5 
26 as 

Mar. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
12 

-1-1- 
'nelim. Indrcs. Achea.  
5.3 ................ 
7.1 ................ 
7.5 ................ 
1.0 ................ 
5.5 ................ 

Detailed records of the snowfall at each stake for 
the individual storms during the winters 1910-11 and 
19 13-13, not included in this report., bring out the great 
diminution in snowfall direct,ly under the tree crowns 
and the concentration of the greater part in the openin s. 

difference between snowfall a t  the viirious stakes. These 
dee drifts in the openings of the forest persisted several 

Data as to frequency and size of t. ese drifts in t i e  forest 
after total disappearance of snow in the park is given in 
Tables 15 and 16. 

In the park, on the other hand, there was only a sligit 7 
wee-s 1 after all the snow in the ark had disa peared. K P 

COMPARISON OF MELTING I N  P A R K  A N D  FOREST. 

Melting begins as soon as the snow falls, the degree 
depending upon several fact,ors, chief of which is the 
temperature of the soil and atmosphere. Further in- 
fluencing factors are slope, esposure, and radiation. 
Two distinct, periods must be c.oiisidered in the process 
of melting, namely, the slow melting t,liroughout the 
winter and the sudden rapid melting during the spring 
thaws. 

Win,ter nwZting.-During the winter melting is much 
faster in the forest than in the park, clue niainly to the 
higher minimum and nienn t,eniperat,ures in the forest 
during these months. Table 7 gives the average of four 
years' records a t  the Esperiinent Station.a 

TABLE 7.-C'o1nparison. of tewperatrcres .in park and forest. 
[hiean- 1. I uix\.+ min:~. J 

................ ................ 

................ 

................ 
0.2 ................ 

5.5 ................ 
5.61 5.8 ................ 1.061 1.03 

4.1 4.0 
3.8 3.7 
3.8 3.5 

3.5 3.9 
3.01 3.5 
2.9 : 3.3 

::: 

0.0 0.21 2 0  2.5 

0.0 2 2  
O.OI  2 0  

6.3 
7.2 
8.5 

........ 
................. 
................. 
........I ........ ........I ........ 
................ 
........ 
................. 

6.4 ................ 
5.9 ................ 
6.4 2.51 2.83 
3.9 ................ 
3.3 ................ 
3.4 ................ 
2.9 ................ 
2.0 ................ 
1.8 ................ 
1.7 ................ 
1.3 ................ 
0.9 ................ 
a8 ................ 
0.6 ................ 
0.5 ................ 
0.4 ................ 
0.2 ................ 

1.81 ........ 1 ........ 14 

2 9  ........ i:::::::: I zo 

0.6 ................. 
0.6 ................. 
3.7 ........ 1 ........ 3.3 I ........ 
2.4 ........ I ........ 21 
1.7 ........ 22 
4.7 ........ 

1.81 ........ 1 ........ 14 

3.7 ........I ........ 
2 9  ........ i:::::::: 
2.4 I 
0.6 ................. 
0.6 ................. 
3.3 I ........ 14 

........ I ........ 
1.7 ........ 
4.7 ........ 

0.9 
0.0 
0.0 

a0 
21 
22 
!u 

_. 

TABLE 9.-Flrccf~totions nf snow cover in. pork und forest from Dec. I, 
1912, to Apr. Y, 1919. 

Average de th 
dong stake Le. 

- 
Forest. 

IncASr. 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
0.5 
0.4 
0.8 
0.2 

0. a 
0.9 
0.2 
0.2 
0.9 

II 1 Park. I Forest. Park. 

Inchea. 
' 0.6 

0.5 
0.6 
0.5 
0.5 
0.5 
0.5 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
.8 

0. 3 

~~ 

1912. 
Der. 1 .............. 

2. ............. 
3.. ............ 
4. ............. 
6. ............. 
s .............. 
9. ............. 
10.. ............ 
11.. ............ 
12.. ............ 
13.. ............ 
14.. ............ 
15 .............. 
10 .............. 
17.. ............ 
1s.. ............ 
19.. ............ 

D .............. 
I .............. 

Inches. ~ 

0.4 ' 
1.5 I 

1.1 I 
1.0 ' 
0.7 
0.6 i 
1.5 ' 
4.8 
4.0 
3.1 ! 
2.9 , 
2.s : 

1.3 i 
1.0 I 

.9 

1.4 ! 

.s ~ 

1912. 
Dec. 20 ............. 

21.. ........... 
25.. ........... 
23. ............ 
2.4. ............ 
25.. ........... 
56.. ........... 
27.. ........... 
2s. ............ 
29.. ........... 
30.. ........... 
31.. ........... .............. 

Janixir:: ................ 
February.. 
March .................. 

............. 
17.0 I 32.3 1913. 

Jan. 1 ............. 
2. ............ 
3. ............ 
4. ............ ............ 

9 0. A. Pearson. A M+orologid stndy of,parks .and timbercd arms in the western 
yelloa pine forests of Arizona and New Mexiro. MONTHLY WEATIIER REVIEW, Oct. 
19l3,41: ltil5-1W. 
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1913. 
J a n . 6  .............. 

7 .............. 
8 .............. 
9 .............. 

10 .............. 
11 .............. 
12 .............. 
13 .............. 
14 .............. 
16 .............. 
16 .............. 
17 .............. 

TABLE Q.-FlwhcatWna of mow cover Cn park and forest from Dec. 1, 
1912, to Apr .  S,191S--Continued. 

Park. 

Inchra. 
0.8 
0.s 
0.7 
0 .6  
7.3 
7.5 
6.2 
5.8 
5.2 
4.7 
6.4 
7.2 

-- 

Sprinq thuw of iuin,ters 1910-11 and lYl2-13.-The 
s ring thaws begin when maximum teni erntures attabi 

of March. Dunno the season 1910-11 the spring thaws 
set in about MarcE 8. The gr.zclunl melting in the forest 
showed only a slight increase in its rate; but lacking the 
protection aff orcled by the forest canopy against extremes 
of temperature, t,he lark snow entirely tlisnppearecl iii 

park caused t . 1 ~  formation of an ire crust at, tlie base of 
the snow layer late in the winter and in the e d y  spring. 
Tho condition was observed pnrticularlp during the win- 
ters of 1908-9 and 1909-10, in which the ice crust at- 
tained 2% thickness of 
fluctuation of tho 
amount, of rGin, and 
of 1910-11 allowed but 8 
more t,hm one-fourth 
snow. On March 13 no snow reniained in the park, 
except n sinall clsift dong the r i d  fences, while banks 
stiU occupied most of bhe opcmings in the forest, both on 
slo es and level situations. The last 
drifts within from one-fourth to one-half iiiile of tho edge 
of the park disappeared on March 33, but farther back in 
the forest banks of snow were still visible on A ril 10. 
A series of pliotograplis was taken every other wee! dong 
the line of stakes in the p~irk and in the forest to illus- 
trate these differences in nieltiiig; four of them are repro- 
duced as fi ures 6-9. 

Duriiy file winter 1913-13 the spring thaws st,arted 
about 1 arch 27, and by Apsil 3 every trace of snow in 
the park had disn penred, wliile snow still was present 

sisted in the form of drifts in the openings on the north 
sides of t'rec groups iuiniediat.ely adjacent, t.0 the st,ake 
line .till ,4pril 16, as shown by Table 11. 

TABLE 1l.-Jfeasr~renisnt of snoiudrifls along stake 13ie in forest. 

a ! out 50"F., which usually OCCUM sliort Y y after the 1st 

about a week. The P ow niinimuni teinperittures of the 

CSeeligs. 8 slid 9.) 

directly along the ! orcst stake line till April 10, and per- 

_- 
Feb.?4_._. .......... 

2s .............. 
26 .............. 
27 .............. 
?.3 .............. 

- 
Znchca. 

lli. 5 
16.5 
1S.O 
21.5 
22.9 

&far. 1 .............. 
2.. ............ 
3.. ............ 
4 .............. 
5.. ............ 
6.. ............ 
7.. ............ 
8. ............. 
9.. ............ 

11 .............. 
12 ........ .: .... 
13. ............ 
14.. ............ 
15.. ............ 
16.. ............ 
17.. ............ 
IS.. ............ 
19.. ............ 
m.. ............ 
23.. ............ 
23.. ............ 
24.. ............ 
25.. ............ 
26.. ............ 
27.. ............ 
2%. ............ 
29.. ............ 
30.. ............ 
31.. ............ 

Apr. 1 .............. 
2.. ............ 
3. ............. 
1.. ............ 
5.. ............ 
6.. ............ 
7.. ............ 
8.. ............ 
9.. ............ 

10.. ............ 
11.. ............ 

in.. ............ 

21.. ........... _ I  

_. 
15 ......... 1.1 

1.6 
1.2 
0. 8 
0.3 
0.0 

6.2 5. I 
4.6 
3.9 
1. s 

- 

....................................... I ............................. ............................. j - - - . - - - - - . I  .......... l ....................................... ....................................... ............................. (.......... 1 ............................. I- . - - - - - - - . I  - - - ~ -  

Date of determination. 

~~ ~ ~ 

1912. ~ ~ 

Dec.8 .................. 
15 ................. a ................. 

Inchra. 
1.5 
1.7 
0.5 

......... 
" 18 
13 
15 
15 
1s 

10 
14 

11 

40 
16 

11 
11 
15 
23 

I0 
16 

i n  

in  

4.7 
6.8 

14.0 
18.8 
9.7 
8.9 
4.8 

4.3 

0.77 
1.12 

1.73 
2.11 
1.76 
1.95 
2.01 

1 .m 

Average de th 
along stake h e .  

Data. ....... ... Date. I-. 
Forest. Forest. 

Inches. 
0.9 
0.9 
0.8 
0.7 
7.2 
7.3 
6.0 
5.1 
4.4 
4.0 
5.5 
6. i 
6.3 
5.8 
5. i 
5.7 
5.6 
5.5 
5.5 
5.5 
5.4 
5.4 
5.3 
5.3 
5.0 
4.9 

4.7 
6. 6 
6. 1 
5. 9 
5.4 
5.0 
4.6 
6.8 
5.9 
5.4 
5.2 
5.3 
5.1 
4.8 
4.3 
3.7 
3.1 
2.7 
2.5 
5.3 
5.9 

17.4 
16.1 

I Park. 

Inches. 
14.0 
14.4 
16.5 
20.2 
21.3 

1s. s 
15. 8 
15.0 
13. R 
12. s 
11.4 
Ill. 4 
I). 7 
9.1 
8.3 
7.7 

9.4 
Q. 1 
s. 9 
8.3 
i. G 
6.8 
7.2 
7. i 
6. d 
5.3 
3. s 
7.0 

11.0 
10.9 
8.7 
6.9 
5.6 
4.3 
3. 2 

2.1 
1.4 
1.2 
0.9 
0.4 
0.6 
0.4 
0.3 
0.2 
0.1 
0.0 

in. i 

m. 9 

17. n 
19.2 
18.3 

16.1 
15.0 
14.0 
13.1 
12.4 
9.3 
s. s 

12. 1 
11.3 
10.4 
9. s 
Q. S 
9.1 
s. 3 
s. 8 
9.4 

7.1 
6.2 s. 5 

11.7 
13.4 
1'2.0 
10.4 
8.7 
7.1 
5.8 

3.3 
1.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

a. 7 

n. 6 
0. 0 

6.9 
6.7 
6.5 
6.5 
6.4 
6.3 
G. 3 
6.3 
5.9 
5.7 
5. 6 
5.6 
5.4 
5.3 

5.2 
6.4 
6.3 
6.2 
6.0 
5.6 
6.1 
7.3 
6.4 
6.0 
6.0 
5.9 
5.9 
5. I 
5.7 

18.. ............ 
19.. ............ 
20. ............. 
n .............. 
22. ............. 
23. ............. w. ............. 
25. ............. 
26.. ............ 
27. ............. 
a8. ............. 
29. ............. 
30. ............. 
31.. ............ 

Feb. 1 .............. 
2.. ............ 
3. ............. 
4.. ............ 
5.. ............ 
6.. ............ 
1. ............. 

R .............. 
9. ............. 

10. ............. 
11.. ............ 
14.. ............ 
13.. ............ 
14.. ............ 
15.. ............ 
16.. ............ 
17.. ............ 
IS.. ............ 
19.. ............ 
20. ............. 
21.. ............ 

5.4 
4.3 
3.8 
3. G 
6.3 
7.0 

a? .............. 19.0 
23 .............. 

Date. 

1913. 
M3r. I 

30 
31 

hpr. 1 

3 
4 
5 

4 
I 

B 
; 
9 

10 
11 
12 

rater equivalent of snow cowr in -forest md yclrk during 
u!in.tm of 1912-13.--Weekly determinations of the water 
equivalent of the total snow cover in the forest nnd the park 
during the winter of 1912-13, although showing a greater 
total water equivalent for the park, failed t,o reveal any 
constant difference in snvw density in the two situations 
for that season. In the park the snow is niore fully 
exposed to the direct rays of the sun and the action of 
the wind and therefore, theoretically at  least, the snow 
in the ark should be more compact. 

Tab P e 10 shows the result of the weekly determination 
of water equivalents. 
TABLE lO.--Wafm equivalent mid demity of snow eoiwr in forest and park 

Dee. 8, 1912, to -4p. 1, 1913. 

' 
bxasin 

15 6 19.5 

13.5 I 17.4 
14:s 1 19.5 

8 8 '  5.5 
7:6 1 4.1 

5 3 1.5 
2 1  I 0.0 
0 9 1  .......... 

5 . 7 )  2.3 

i o  1 ...I ....... 

i. 5 
8.1 
5. 1 
4. i 
2. B 
1.7 
Q 1  
0.0 .......... : .......... 
............... , .......... , I 

No m w  
Park. 

in 

-~ 
13 
1J 

1 Sltuated I feet west oLatoke 1. 
2 Pit.iinted .W feet \vest (if stake 1. 
J Situated between stake; .i and 5. 

4 Sltusted lmtween stakes 5 and 6. 
5 Fltustnd hetween stakes 6 and 7. 
8 Situated immedintrly south of stake 7. ater 

'en t . 
Forest.. 
- Snow dens1 t y. 

I'ark. I FOWS~.  
- This persistence of drifts, in the forest after entire dis- 

appenraiice of snow in the park was also observed at the 
Fort Valley Esperiment Station in tolie winter of 1908-9. 
The following is quoted from a report by W. R. Mattoon: 
In tho timber thronghout t l i i~  region bhere rerminerl on April 25, a 

considerable cliinntit,y of snow in shdteretl sit,iiationa, faroralile for late 
melting, while the last traco of snow had disappeared from the park by 
A.pri1 13. 

These drifts occur entirely in tlie openings, usually on 
the north side of a group of trees, and are rather long and 
narrow--t,he lon er dimension, as a rule, estending from 
east to west. 8l e snow in the drifts is n.ot of an even 
.... - .... - .. .- - .- - .... - -. - . . . . . . . . . . . . . . . . . . . .  - .... 

a Mattoon.. W.R. EBectof forestuponsnow waters. Forestry quarterly, No.3.7: 246. 

&TI- 

20 

Inchcs. 

0.27 
0.30 

n. la 

a. ns 
n. 58 
0.11 

0. .w 
0.51 
1 .G 
0.94 
1.46 
1.95 
1.58 
1.69 
1.13 
0.75 -- 

0.0 
0.6 
6.4 
6.3 
5.2 
7.3 
5.7 

16.6 
20.9 
13.1 
9.8 
6.2 
3.3 

1913. 
Jan. 2 .................. 

9.  ................. 
16.. ............... 
24.. ............... 

Feb. 1 .................. a .................. 
15.. ............... 
24.. ............... 

Yar.l..... ............. 
8.. ................ 
15. ................ 
!a. ................ 

Apr. 1 .................. 2.1 I 1.17 
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E m .  i.-view miorest, JeDruary 16,1911. ' FIG. 9.-View in forest. March 16 1911. ' 
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park. 

depth, nor is the snow composiiin 'it of uniforni density. 
At the edges the snow is usually o r  the lettst de th itnd the 

much moro rapid a t  tlie edges thsn in the middle of the 
drift, and for thi3 reason the drift decreirses not only in 
average siiow depth, but also in length and width. 

On April 3, 1913, the Inst snow clisa.ppemd in the piWk, 
but large drifts of snow persisted for scverd weeks in the 
openings betmeen the tree groups in the forest. In order 
to determine the amount of snow thus ret.nincil hp t.he 
forest, a snow reconiioissaiic.e of three sniiiple 10-aa-e 
plots of forest was made a t  intervals of four dags, as es- 
plained above under " Method and character of observa- 
tions" (1). 115). Tables 13, 13, and 14 show clearly the 
advantage of n given forested area over :t similar bn.re 
area in the retention of snow. The western yellow-pine 
forest, however, is n verp open one: anti therefore the 
retention of snow is not ns inarkcd ns is the case in denser 
forests, such as the fir forest, which Prof. Church, of the 
Mount Rose Observatory. r t t  Reno, Nev., describes. The 
following is quoted froin Prof. C!hurch's article '' Relation 
of forests to conservation of snow": 

The ideal foreat from the viewpoint of conscw-ution (of snow) is t.he 
one that can conserve the mnsiniiim :mount of snow iint.il the clow of 
the Beason of melting. Such u forest diould not. be dense enough to 
prevent the snow from reaching t,lie grotincl, snd yet should Ise siiffi- 
ciently dense to sfford ample shelter from siin and wind. The fir fnrast 
I)ossessing a nmximum mimter of glades or a forest of mountain hem- 
ock meets these requirements both theoreticdly and pract.icnlly. 

TABLE 12.-ASnow3r~t reconnoissnnce d l  forest adjoi)iing Fort T'a11c.1~ 
Park made on Apr. 8,1913, orjive clays cdter total diyappsnrance of snow 
i n  park. 

reatest water e uivalent, while in the mi B clle it lies 
%eepest and has s, t e least water equivalent. Melting is 

__-- 
Forest. 

Under 
ope2ngs. 

T ~ L E  l4.-8notu-drift reconnoissnmv , i j &  .fr)rest adjoining Fort valley 
Park A p .  16,1918, thirteen day8 nfter total disappearance ofsirow i n  park. 

Frrf. 
30x150 
20x2s 
15x40 
15x60 
35x150 
5 x 1 0  

20x70 
15;.:10 
30Y120 
25x60 
20S65 
15x20 
25x320 
1oii35 

15 X 15 
10x20 

(Area C.) 

Dimen- 
sions 

of drift. 

Frrf . 
15.<.1n 
15'dlX 
20:;25 
1nAm 
15*<3l 
10'2.; 
lU,..W 
lux15 
j.< 5 

%::ti0 

-. 

-- 

Squaw f f r t .  
4,500 

500 
600 
two 

5,250 
50 

1,400 
600 

3,600 
3 100 
1:300 
300 

s,OOo 
350 
zoo 
222 

I I 
. .. 

Fwt. 
15X i 0  
ax13-J 

Square fret. i C?ibirfcrl. 
1,OW I S50 
awl 1. sa0 

A wmge 
dcplh of 

drirt.. 

Inchrrr. 
2.9 
5.0 
7. a 
3.2 
6. U 
2.1 
1.7 
1.5 
3.5 
4.2 

G reatest 
depth of 

drilt. 

Inchta. 
4.5 
s. 3 
9.5 
4. 6 
8.7 
3.6 
3.1 
3.4 
4.0 
6.6 

I  now retained on 10 acres.. . . . . . . 

C!o)id..it.ioli. of t.7ti: soil.-l'he pwk soil derives much less 
benefit froin the winter's yecipit:rtion t,lian does the 
forest soil, since tlie extreme p low tenipertttures prevail- 
ing in the p:wk t.lirou$out the winter cause the soil to 
freeze to a c.onsiderable dept.11. This condit.ion of the 
soil and the ice layer on t,op of it, prevent t.he absorption 
of the great a,iiiouiit of snow water suclilenly liberated by 
the spring tlimvs. The. higher 1iiea.n tcniperatures and 
the accumulation of leaf 1it.ter around the trees revent 

tab P es. This idlows the water to soak in readily. 
TABLE 15.-Depth of fro:en grouud i n  park and forest, riintet 1910-11. 

dee freezing in trhe forest, a.s s l i o ~ n  in t,ho fo P lowing 

I 1 Depth of frozen groimd. I 
Greatest 
depth of I drift. 

Average 
depth of 

drift. 
DImen- Area of Volurnr 01 
sions. 1 drift. I drift. Date. 

IIlCht.8. 
6.0 
3.5 
5. 2 
5.0 
7.3 
3.5 
4.0 
4.1 
0.0 
5. 0 

Cubic fret. 
2,250 

146 m 
375 

3,104 
15 

467 
21s 

1~~ 
s75 
325 
io 

4, ai6 
131 
10s 
113 

Inchrs. 
10.0 
5.0 
5.5 
9.0 

12.9 
4.0 
7.3 
i. 5 
9.6 
8 4  
5.5 
5.1 
9. 6 
6.5 
9.3 
8 3  

Observations ninde on March 15, 1911, showed a sur- 
face layer of soft mud 3 inches thick in the park, with a 
frozen layer 13 inches thick below. The soil inside the 
forest was conipletely thawed out and saturated with 
snow water. 
T A ~ L E  16.-Depffi of.frozeu ground i n  park and forest, winter of 1912-15. 

~. . 
3.0 
2. s 
7.0 
4.5 
L 5  
6.0 I Cubic feet of snow retained on 10 acres.. __. . . . .I 15,000 

. __ .. - 

Snow density determination A,prilS, 31.6 per cent, or 1, inch SI l~=0.316 iuches water; 
15,W cubic loet snow with density of 31.6 per wnt dlutnbuted on 10 acres is equivdent. 
to 0.13 inch or 3,545 gallons of water per acre. 

TABLE 13.-Snoad@ reconnoissa~ice in .forest ad'oining park Apr. 1 .', 
1915, nine days after total disappearance o/snww i n  park. 

- , __ . . ~ 

I 

Date. 
I Forest.1 

Park. 
North side I South side 

of trees. I oftrees. Own. 

Inches. 
8.3 

14.0 
10.5 
21.5 
sa 
7.0 

1912. 
! Der. 10 __________._.____..  ; 

1813. Iitchra. 
, 5.5 

8.3 
9. s 

10.5 
4. S 
5.7 
7.0 
5.0 
5.3 
9.1, 
8.6 
5.1 
4. I 
5.0 
5.5 

Inchrs. 
4.0 
ti. 1 
5.1 
7.4 
4 .1  
4.0 
5.5 
4.4 
4.0 
4.7 
5.5 
3.6 
a 5 
2. s 
3.9 

in.31 ................... 17.0 
eb. 1s __.___._._. . ._.____ 9 5 
.ar. -- "3" 24 ._____..._._.....__I M n  1 

1 Depths girrn are the mean of two d e r e r h t i o n s .  
2 First day of tlie spring thaws. 

The small amount of frost on the south side of the 
trees is attributable directly to the intense insolation, to- 
get.her with the resence of leaf litter, which protects 

Table 30, is deeper on the north side than on the south 
side of the trees, but this added protection is more than 
offset by the decrease in insolation on the north side. 
The openings beyond the immediate influence of the 

the soil against P reezing. The leaf litter, as shown in 
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Chain No. 

trees have the advantage of full sunhght, but lack the 
protection of leaf litter. Snow cover 18 also an impor- 
tant factor. If the ground is frozen before a heavy 
snowfall, the frost is apt t.0 be rebained longest where the 

but If tlie ground is not frozen when 
snow cover retards freezing. 

TABLE l7 . - lkpth qf lrqf  litter and qround ower. 

Similar 
Forested bare 40 Y 

slope. i s s m i  eL- 

I I I Forrabt. I 

1 
2 ................. 
3. ................ 
4 ................. 
5 ................. 

s ................. 
9 ................. 

10 ................. 
11 ................. 
12 ................. 
13 ................. 
14 ................. 
IS ................. 
16 ................. 
17 ................. 
19 ................. 
31 ................. 
21 ................. 
Iota1 depth. ...... 

................. 

2. ................ 
1 ................. 

IS ................. 

I .  

I i Park. 

I 
North sble 1 South side I 
of trees. I ol trees. I Opruingx. I I 

Iiirhra. Iliehes. 
18.5 5. 6 
9.0 3.2 
9.2 3.3 
2.5 4.7 
7.0 2.5 
7.5 3.5 
9.2 1.9 
0.0 6.0 

10.11 II. 0 
18.2 i. 5 

4.5 

13.1 
11.0 5 .1  
3 . 5  R. 2 
17.5 4.3 

14.3 5 .1  
11.0 0.0 
21.7 3.2 

s3.9 

19.0 2. a 

252.4 

Disposition of snow .~rntcru.--In the forest absorption 
keeps puce with melting. during the winter, so that the 
soil is soon saturtat,ed during the first, thaws. This results 
in a limited amount of surface run-off from the slopes. 
In tlie winters of 1910-11, and 1913-13 this run-off 
started earlier in the forest and c.ontinued later than in 
the park. However, it  ciln in no way be compared with 
the enorrnous amount of surface run-off from the park. 
There the wat.er is not able to penetrate into the frozen 
soil xnd is inore or less prevented from running off freely 
by the still unnielted snow, so h i t  it foniis IZ slush with 
the latt,er and greatly hastens the find melting. The 
wat.er then oes off wit,li a rush, draining toward the Hio 
de Flag at tfie southeasta corner of t'lie park. During the 
spring of 1911 the Rio de Flaa ran 10 to 12 feet wide and 
from 13 to 1s inches deep for 4 days, and continued 
to run as a sinall stream for about 10 clays. This latter 
was the run-off from the inore protected snows a t  the 
edge of tlie timber. Practically the same condition ex- 
isted in tlie spriii of 1913. Because there is no niutu- 

a ire area of equal size in the vicinity, no esact compar t' 
nieasurenients of surface run-off in the park and the 
forest could be macle. In tlie park it w-as also noticed 
that snidl bodies of sbanding wnt'er subject to rapid 
evaporation were present evervwhere on level situations 
where it could not run off, or because of tlie frozen con- 
dition of the soil could not seep into the ground. 

During the winter of 1905-09, W. R. Mattoon iiiade ob- 
servations on the disposal of the siiow waters in the park 
and the forest at this station.' The following is quoted 
from his r e p ~ r t . ~  

The muface run-ob in the tm-o sit,uat,ions is interest.ing from the 
standpoint of water coiiservatioii. By April 1, bodies of aat,er over- 
lying the ice sheet had collected in the cleprcssions in the park, and B 
good-&ed stream was flowing at the out.let. No perceptible surfwe 
run-off from the forest (over the locality under cunslderation) occurred 
during March. The days of April 1, 2, and 3 were unusually warni 
and quiet, and resulted in the only ?m-off from the forest during the 
entire 8pring. The amount w.w mquificaiit compared to the total 
mater content of the morv mas. It is well to state, iiic~identally, that 
the writer d e  daily tri E between the two measuring stations, which 
afforded an opportunity g r  noting the conditions. 

Infl.u.e.n.ce qf e.rposwc.-A great contrast in thc rapidity 
of ineltin IS esliibited between north and south es- 
posures. Srotected from the sun's rays, there is prac- 
ticall no nieltin on north slopes cluiriii~ the winter 

constant hi h mx.siniuin temperatures result in a very 

anks on short northerly slopes within the forest to per- 
sist 10 days after their disappearame on love1 sitauntions 
and southerly slopes. 

ally independent f orest drainage area and park drainage 

niont Tl s. With t a e approach of spring, Rowcver, the 

$adual me 7 ting. Actual measurements showed snow 

North slope.. .................. 
West slope. .................... 
South slope.. .................. 
Level sltuation on top of Crater 

e Forastry quarterly, No. 3,7: 246. 

12.00 

3.65 
1.23 

It w-as noted that a forested north s l o p  rehim its 
snow niuch longer than a nonforested one. The north 
slope of Crater Mountain, which rises only a few hundred 
feet above the south side of the park upon which it 
borders, offered opportunity for observations on a for- 
ested north slope and mi esnctly similar bare north slope, 
both at the same elevation. On April 3, one week after 
the beginning of the s ring thaws of the winter of 1912- 
13, deterniinntions o f  snow depth mere made as fol- 
lows: A north and south line was followed on both the 
bare and forested north slope, and niewurenients of 
depth tnken at exactly 1 chain intervals for 21 chains, 
the north and south extent of the bare slope. A record 
was made remrdless of whether snow mas encountered 
or not. Tabye 1s shows a striking balance in favor of 
the forested north slope over the siniilar bare slope. 
TABLE 1S.-Cm ariaoa o snou retubad on a joreskd north slope and 

on o sinti P d  ar bare a ope of Cratcr Nountam, Apr. 2, 1913. 

Menndepih ....... 1 1 2 . 0 1  3.Y 
Tutd water equiv- 

alrnt.. .......... I 3.05 I 1.05 

The snow on the hnw slope showed an avernge water 
equivalent of 0.269 inches water per inch of snow, against 
0.254 inches for the forested area. 

On A ril 10 the bare slope mas entirely stripped of 

openings between the tree groups until M R ~  2. 
No other similar bare and forest9ed arens with exposure 

other than north wcre available for observation. How- 
ever, on April 2, 1013, the efficacy of the various for- 
ested slopes of Crater Mountain WRS determined by tak- 
ing snow depths a t  chain iiitervals for 21 chains on the 
various exposures. The general results were as shown 
in Table 19. 
TABLE 19.-Dcpth of snow on vc t r io~ .~  forested slopes of Crater Moun- 

tain, d p r .  2, 1915. 

snow, w I; iile the forested slope contained drifts in the 

slopes. j dzof j i 

These figures indicate that the north and east dopea 
are most efficient in snow conservation, and that the 
west and south slopes are relatively less important. 
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- .- ... 

I Bale. 

Mar. 15 ............... 
23 ............... 
30 ............... 

' h p r .  7 ............... 
10 ............... 
29 ............... 

May 29. .............. 

MOISTURE C O N T E N T  OF SOIL AFTER D I S A P P E A R A N C E  01" 
S N O W .  

Fa,ctors injlueneing absorption and retention of soil 
?noistu.re.-De termin ations of the mosi ture con tent of 
the forest and ark soils after the disap earance of the 

a marked advanta e for the former soil. Several factors 

tive ca acity. 

forest is much less than in the park during the winter 
and spring. Obviously, therefore, the forest soil is in a 
better condition to absorb the water resultin from the 
melting of the snow. Again, in the forest t iere is no 
thick ice layer between the soil and the snow cover such 
as is found in the park. Soon after even the heaviest. 
snowfall, the soil beneath the t,ree c,rowns is laid bare, 
whic.h gives it an opportunity to thaw out or freezc.. 
quickly and to absorb the water resulting from the snow 
in the ad'acent openings. 

but more retained, due to decreased evaporation result- 
ing from decreased wind movement, protection afforded 
by leaf litter, and lower soil temperatures. Investiga- 
tions of the evaporation from a free water surface in the 
park and the forest have been carried on for four years, 
and the results show that during the growing season- 
the only time that evaporation records ca.n be sucmssfully 
taken because of freezing of the wat,er in winter-evapora- 
tion in the forest is only 70 er cent of that in the pa.rk. 

t,hat the wind movement in the forest is only 50 per cent 
of that in tlie park. This decreased wincl movement in 
the forest is one of the most [ 81 important factors in the 
difference between park and forest evaporation. 

With the esception of the openings, the forest soil is 
covered by i mulch niade up of fallen needles. This 
covering reduces considerably the amount of evapora- 
tion from the soil, as has been conclusively show1 by 
Prof. Ebermayer @ in Bavaria. 

A very important factor in the decreased evaporation 
from the forest soil is its lower temperature .as compared 
with the park soil. The mean soil temperatures at a 
de th of 2 feet for May, June, and July, 1913, are given 

snow cover in t R e winterv of 1910-11 an B 1912-13 show 

bring about this di i erence in the absorptive and reten- 

As a P ready shown in Table 16, t-he frost depth in the 

Not on \ y is more moisture absorbed by the forest soil, 

Four years of records at, t i e  F experiment station show 

in % able 20. 

~ - -_ ___-_ . .- 

Depth of saniple. 

0-1 inch. 1 4  inrhes. 9 1 0  Inches. 18-15 inches. Average. 

i 
Park. :::- Park. :::- Park. For- Park. F;[-jParli. est. 1 , 

- - --- - - 
38.5 29.0 31.5 20.4 26.3 23.7 27.0 /~~~~~ 
3i.O 21.7 30.6 23.5 ' W U  23.7 30.1 3 i  9 30.9 "I 2 
35.9 16.1 29.5 21.2 :4.9 23.3 31.1 I2i:O 30.4 I :1:9 
31.1 9.6 3 . 6  1s.: 23.Y 2 . G  31.3126.5 29.3 19.3 
31.8 3.5 24.9 15.1 22.0 21.2 30.5 25.1 5 . 3  16.4 
26.7 1.0 20.2 12.2 19.1 1S.3 t t . 6  24.0 ?3.7;  13.! 
3.8 O . i ,  S . , l  U.1 14.0 13.1 - - . 1 , 1 9 . 0  I?.? 9.4 

I I 

TABLE 20.-Comparison of soil tmipernture at a depth of 0 feet i n  forest 
and park, Xay I-July 31, 1918. 

! M h c h e s .  I 1216inches. 
! 

Date. 

Month. 

2432Inches. I Arerage. I 
I -- ._ 

Mean temperature. 

OF. I "F. 
May ....................................... 52.1 41.i ...................................... 6 l . l  i 49.2 

I I I I 

The soil temperatures in the forest were taken on the 
north side of a group of trees, re resenting the niasiniuni 

% T n t , e r  
shade. While measurements in t R e openin s undoubtedly 
would shorn higher temperatures, the fact t at the 
part of the forest soil is shaded makes it evident t a t  the 
soil temperature for the forest as a whole must be less 
thm in the park. 

6 Quoted or cited by Raphael Zon in ''Forests and Water in the Li h t  of Sclentlfir: 
Investigation". Appendix V, p.232, of the 6nal report of the U. 8. Rational Water- 
ways Commlsslop1. 

- ........ ._ ...... 

lhite. 

Apr. 14 ............................ 
Mas' 3...  ......................... 

.3 ............................ 
June l:i ............................ 

.... . 

.... .. - ... .... ......... 

Depth of sample. 

4-8 inches. 112-16 inehes.l?1-32 inches.1 -4vemge. 

A r . 1 4  ............ ap,, 3 
May23 21.3 
~ u n e i 3  ............ ............ 

I I I I I I i I ......... .......... 

The few soil-moisture determinations presented in 
sunininry by Tables 81-23, show the following points- 

(1) The surface layers of the forest soil absorb and 
retain for a much longer period a greater amount of 
snow-water than the corresponding soil layers of the 
park. 

( 2 )  In  the forest itself, the areas covered by leaf litter 
and protected by the tree crowns absorb and ret.aiu a 
greater quantity of soil moisture than do the bare forest 
openings. Hence L denser forest than one of western 
yellow pine would be more efficient as a retainer of soil 
moisture. 

Tables 21, 2, and 23 are the result of soil-moisture 
determinations made during tlie spring of 1911 and the 
spring of 1913. 
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CONCLUSIONS. 

The conclusions drawn from this study may be suni- 
marized as follows- 
I. Snowfall: 

1. IVe have found no ui>i>rec.iable difference in the 
to td  snowfall 0;' a forested and a non- 
forested area. 

8. The slight variations in snowfall which occur m e  
due to clifferences in the wind velocity and 
temporary retent.ion of snow on the tree 
crowns. 

3. Tho distdmtion of the snow on the erouncl differs 
greatly on a forested and noiirorested area. 
The "park" snow lies in an even layer, while 
the forest snow is distributed in a shallow 
layer under the trees and in deep drift,s in the 
openings. 

4. The m o u n t  of snow retained by the tree crowns 
and entirely lost by evaporation is small. 

5. During the winter the snow density in the park 
and forest is Dracticallv the same. 

11. Melting: 
1. The rate of niching during the winter is greater 

in the forest than in the park, due to higher 
mininiuni and niean tehperatures, 1igTit.w 
disposition of snow under the tree crowns, 
and radiation from the trees, reproduction, 
rocks, and logs. Because of this niore rapid 
winter melting, t.he amrage depth of snow in 
the forest during the winter is less than in 
the park. 

2. The spring thaws cause a rapid melting of the 
park snow, while the rate of nielting of forest 
snow is but slightly accelerated. The park 
is stripped of iis snow cover witliiii a few 
days, which niny result in floodmg, while 
heavy drifts of snow persist throughout the 
adjacent forest for two weeks or more after 

western yellow pine forest it is not nearly as 
efficient as a snow conserver as more dense 
forests with miallor openings between the tree 
groups. 

1. It the t,ime of the spring taliaws, the soil in the pa.rk 
is frozen to a considerable depth and is covered 
by aa ice layer wliich prevents thawing. 
Il'hcrefore, wheli the park snow melts during 
the spring thaws, the surface run-off is esces- 
sive, and absorption of soil moisture by thr 

the soil is almost entirely thawed out, and 
therefore the snow waters become seepage 
water instead of run-off. 

3. The forest soil, aside from absorbing inore mois- 
ture, rebains it better than the park soil, due to 
protectmion from evaporation b decreased 
wind movenient,, shade, and leaf gtter. 

The foregoing conclusions mako it  evident, t.liut the 
d u e  of forest cover in talle conserva.tion of snow waters is 

eat, even when t,hat forest cover is of such an open :i.ncl 
K-oken diaracter as t.he typical western yellow-pine forest 
on which observations were macle in this study. For this 
reason, the somenhat denser forests in ot,her regions 
would have a much more marked influence on snow and 

the total disap earance of the parl- \ snow. 
On account of t, R e very open churacter of the 

111. Dis osal of the snow waters: 

ark soil comparatively small. 
2. In t. Fl e forest the snow disappears more gradually, 

siiow-wat.er conservil.tion than t.lie vellow-pine forest of 
tlie Southwest.. Again, forests can he too dense to be ,of 
murh d u e  as snow coiiserrers. since if t,here are few open- 
ings the snow will Iiitvt? rlificult,y in reaching the ground 
:ind n comparntivdv large port,iirii niay be evnpomted 
from the tree crowiis. 

In zk region where w2tt.er is as sc:zrce :is i l l  t.hc Sout,hwest, 
thc preservation of the €orcsts is of the ut>iiiost importance. 
This applies not cydy to w:tt.ersihrtls from which cities or 
irrigttt.ion project,s ticrive t.licir supply, h i t  to all foresbs. 
Thc flow of springs mid ~ ~ 1 1 s  is dcpeiitlent largely u on the 
foris tm which ni:Llics it possilde for t,he n i i i  aiic 7 snow 
waters to pprcolnte slow1,r through the soil instesd of rwi- 
ning of1 on t,lie surface. '.l'he forest, hy checking wind and 
evcijwratinn, mid tcluperhig t.he cst.reiiilos of 1ie;i.t nntl cold, 
f:i.i-ors the ggrowt.li of other cegctdon ani1 cre:i.tw c'cliidi- 
t ions iiioro 1inspit.til:)lc to nin.ii rind hc:ist.. 

B!- proper iiicmltgenient~ of our forests i t  is possible not 
only to iliaintitin but to nupen t .  their influence. The 
cficct of increasing the density of the stand is evident. 
This may he done by encouraging natural IC. roduction 

niztintii.ining a d  increasing the density of the forest, and 
will Conserve the leaf litter and other organic matter 
which has heen shown to he of great valuc in ahorbin 

~ i n v o  t,lie saitllic eft'ect. ~ c n v y  cutting, espccirXly on steep 
slopes, niust be avoided, and cutting inust always be con- 
sistent with the requirFments for natural reproduction. 
Fortunately, the rwnditioiis which favor the conser.F-at,ion 
of water on the natniond forests may be obtained without 
sacrifice. The int.erests of water c.onservation go hand in 
hitiid with those of t'hiiber procluckion. It is not necessary 
to prohihit the cutting of timber on a watershed, because 
in scientific. forestry the cuttin s are so regulatcd that the 
density of the forest as a who 5 e reiliains nornial. Mod- 
eritte grazing will not ordinarily injure a watershed, and 
such grazing regulations as are ordinaril necessary to 

sary t.0 iiiaintsin tlie productivity of the range. Culti- 
vat,ion, while hastening thc nielting of snow, places the 
soil in n receptive condition for writter and should be 
favored, excqpt on the steep slopes, where there is danger 
of erosion. Under the administration of the Forest 
Service dl of these interests are being hunionized. I t  
is the purpose to utilize every material resource on the 
national forests in the int,erest of the greatest public good. 
It is possible to increase the productivity of the timber, 
tho forage, and water resources and to use t,lieni forever 
without danger of exhaustion. 

and bp plantine. The .prevention of fires wi -=r l assist in 

ant1 ret.aining water. The prevention of overerazing mi fi 

conserve the wat,er supply are dso those w x: ich are neces- 

REMARKS BY TIIN WEATHER BUREAU. 

In  seeking to disclose cause-and-effect relations be- 
tween observed plienoniena by the analysis and com- 
parison of stat.istical dnt,a, itm is often considered to be a 

oijd lan to have no preconceived theory or bias as to fm- t t e  results should come out, since it, is well known 
that statistical data can be made to  support numerous 
proposit,ioiis t,liat have no mal basis in science, logic, or 
nature. On the other hand, it may also lead to error if, 
in such studies, one disreaarcls generally accepted phys- 
ical principles broadly ap&cable to the problem. 

The foregoii?g pa er by two professional foresters pre- 

(1) The relative aiiiounts of snow all over a limited 
extent, of forest-covered area and an open or unforested 
adjacent area. 

P sent,s a discussion o F two fundamental ropositions: 
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(2) The relative rates of melting, in the spring, of the 
snow on the ground in the forest and in the open. 

The data available for study are fairly coniplete ob- 
servations for five winter seasons, durino one of which 
the snowfall was comparatively slight. ft is obvious to 
the nieteorologist that any clifhmce in amount of pre- 
cipitation over forest and ark, revealed by onl17 five 
years of observations, may l e  most rationally explained 
on either the basis of wholly accidental differonces in 
local distribution of precipitation during the short period 
of the observations or on resiclunl nncl uneliminated errors 
of nieasurenient which are well known to be very large 
for snowfall, rather t.lian on the forest influence per se. 

The study of the rehtive rate of meltin of snow cover 
lying in the ope+? in the forest or elsew a ere, should be 
approached from the point of view of the heat supply. 
Some snow is dways vanishing from a given cover, 
blanket, or bed by the process of sublimation, but the 
process of nieltin is primarily a question of hectt sup- 

gouaes, barns, and other shelters long after other snow 
exposed to unobstructed sunshine has melt,ed, are familiar 
to all of us. So long as the air teniperature remains 
near the freezing point or passes but little above it the 
melting of the snow in a given location is slow or rapid 
according to the amount of radiant lieat or sunshine it 
receives and absorbs. This heat supply will be much 
greater on a surface sloping favorably southward or south- 
westward. The absorption will be greater in the case of 
snow darkened ancl discolored by dirt,, soot, or otherwise; 
greater in the case of ~t snow surface broken up into 
irregular lockets as coni lared with snow whose surface 

the eneral weather conditions of a region are such that 
a re B ativelv warm spell sets in, the snow cover then 011 
the ound over the park and in t,he forest, for esaniple, 
will T- e subjected to relatively high atmospheric tempera- 
tures for some days. The rates of melting must then be 
largely doniinated b the heat supply derived from the 
air itself. 
nate influence. This will Le especially t.he case if t.lic! 
onset of w-arm weat.lier is attended wit.11 wnrm rnins. 
In these cases the influence of the forest may be of little 

ly. The beds o F snow lingering in the shadoms of our 

is in a c i ean and glazec I mirror-like condition. When 

Direct so il ar racliation tlien exerts a subordi- 

When we view the question from the point of heat sup- 
ly we see at  once that the forest as such is a more inci- 

sent of the conditions. The fundamental princi les out- 

have not receive8 quite the attention they deserve bg’ 
Messrs. Jaenicke and Foerster, and their presentatmion 
of the case ermit,s the nontechnicd reader to gain the 

is eneral and fundamental rather than indirect and in- 
cirkntal. It is easily conceivable that the radiant heat 

lined in the foregoin as ap1)licnble broadly to t R e prob- 
lem of t.he nieltino o f snow in the forest and in the open 

unwarrantec e impression that the influence of the forest 

over a park or open field could be p.art1-y cut off by the 
installation of artificial devices arranged to intercept solar 
radiation to almost any specified estent and thus mti- 
ficially conserve the melting of the snow, much as the 
forest is found to do. This suggestion is offered simply 
to direct! at.tention bo the question of the lieat sup )ly as 
controlling t,he )henomc?na under study rat,lier t / inn a 
forest p i *  se. +lie proposal as a commercial proposi- 
tion, seenis no more visionary than ot.her efforts niade by 
nian to alter nncl modify nature’s cuat,omary course.- 
[C. F. hf.] 

I 

The measurements nnd observations carried out by 
Messrs. Jaenicke and Foerster in the foregoing aper are 
n vduablo contribution to our observations on t Y ie cflccts 
of forests on various climatological factors in tho Cocoiiino 
National Forest. However? I think t,hat t,he ilutliol% 
soniet,imes drii\v conclusions that are not sufficiently sup- 
ported by the c1st.n t,liey present. 

In  their introductory pages the authors state t,hats the 
t,wo areas they study are ‘islike in all respects escept t,hat 
one was forested nncl the other nat.urnlly treeless.?’ It, is 
very difficult to establish the fact t,liat two wens are alike 
in all respects. Further? the very fact  that trees grow on 
one area and do not naturally grow on the ot.lier area is in 
itself an evidence that there is some sort of difference be- 
tween t,he t:wo :irtm. 

On page 116 it is stated t.liut t,hc inethod of deterniiiiinp 
the water equivalent of siilow was to cut out, a, cylinder of 
snow by nie~ns of the S-inch raingage overflow cylinder 
turned 11 )side clown and melt wit,h ;I, definite volume of 
water. h i i s  method is recommencled 1iy the Weat,lier 
Bureau to cooptmdve mil other observers 8s a simple 
OIW for determining the water vcilue of frcaldy f:dlen snow, 
n1t)liough it niny sometimes he used for t.he measurement 
of the entire layer of snow on the ground. The niethod 
wc.ns t.riccl out in tlie e d y  days of t,he work of the Weather 
Bureau in con >erntion with t,he Forest Serrice at tlie 

vaiiicmt, not sufficiently reliahle, mil  not ndnpted t.0 ih.0 
lnrgc iiuinbcr of observations ni:irlc~ in t,lint. work. The 
results cht~ninrcl in the present c:wc awe sur irisingly con- 

esercising unusu~il care tho ohservers have overcome t,he 
difficulties inherent in the simple appnratus t.liev used. 

On page 119 occui’s the stat,einent “During the winter 
melting IS much fast,er in the forest thin in t,he park.” 
This comes as a surprise to ninny of us. V\’intor melting 
results largely from sunshine or clirec t insolartion; spring 
melting is due to H, combination of sunshine with higher 
air teni eratures. While i t  is not tho intentiou to dispute 
our aut f 101s’ statement, it  niny properly be here pointed 
out that if t,lieir cliscovery s l i d  be subst,nnliatecl by fur- 
ther evidence it will overturn niany theories as to what 
ouoht to happcn in this connection. 

h e  infornint,ion concerning the slope- is not. sufficient. 
to perniit n proper analysis of t,he data presented in Tnble 
1s rind the figures may be suscepi,ible of explanation in 
more than one way. Slight. differences in slope may ha-re 
been unrecognized or the locst.ion may hare been such 
that high winds carried the snow froni t,he ba.re slope t,o 
t,he forest.ed slope. 

As to the conclusions on uge 124, the statement under 
TI, 3, trlint “heavy c1rift.s o F snow persist throughout t,lie 
adjacent forest for t,wo weeks or more nft.er t,he t o h l  disap- 
peatriincc of the park snow ” is linrclly borne out. 1)s t,he nu- 
merical dat,a givenat, the bottom of Tables 12, 13, mid 14. 
It is there~st,atecl that the forest retained 0.13 h c h  water 

Wagon Wheel t. rnp statt.ion, but was tihandonerl as incon- 

sist,ent, considering the method, and I be I ieve tlint by 
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equivalent for 5 rlt~gs aft,er t.otal disappe:tnl:ice frorii thc 
park, 0.0s inch was rebainecl for 9 days, wliile only 0.02 
inch was retained for 13 days. The conchsions concerning 
the relntirs e!ticicncg of forcsts of wcsdern ycllow pine are 
not sup ,orted by any conipnrisons w4t.h otlirr covers.-- 
[B. C. IC) 

ATJUOSPHERIC RINFLUENCE ON EVAPORATION AND 
ITS DIRECT MEASUREXENT. 

l<y PIVf. L ~ I R T O N  EDWARD I&’IXGSTnN. 

[Dated: Johns Hopkinn Ihl\-fr:ity, L:il-.or:itory @f Plant rhysiolcgy. Feh. S. 1!~1.5.] 

’ Alt,liough evspornt.ioii has long heen of int,erest, bo 
students of iiiet.eorologg a.nd cliina t,ology this subject, 
seems never to liave assumed prime import,anre in (tither 
of t.liese bra.nc,lies of science. The rarity of coniparntive 
evaporat~ioa records in t,he 1:nit.ecl St,n t,es repremits R 
conditioii of tiff a.irs closely paralleled in o t.lier c ~ I u i i  t.ries 
and indicnt.es thti t but. few workers hare been ~it.nl1-j- 
interested in the niciisurenienb of t.liis clirnnt,ic featmure. 
A glance through t,lie li t,era ture of a tmonie try (1 1 shows 
that eva. oration has frequaiit,ly attracted the a.tt,ention 
of indivic 7 uds :iiicl thnt, it,s lit,ertiture includes the names 
of irinny well-known st,udeiit,s of wen ther and climate. 
Very nmny niethods for the direct niensurenient of evap- 
oration have been described from t h e  to time cluring the 
last two centuries, but, iione of these has been generally 
adopt.ed b weather srrrices for any long period. This 

culties inherent, in at.niomrt.ry itself, and t~iese dificul- 

possible of oalculation from c1nt.n of other climnt.ic fac- 
tors. Such hopes h \ - e  led sonic of t.lw iuost, ;iblc st.uclcnts 
of at,niosplieric. physics t.0 nt,t.enipt. t.he esperimentnl der- 
ivat,ion of niathemnt~icnl espressions for intsiisi trj- of 
eva ,oratmion in terms of t P n i  >erat.ure, ti.tinospheric Iiu- 
nut 4 it,)-, and wind vc?loc.it,y. Tke problem tdlus suggested 
is fascinating to t,he ain.t~lieiiiii.t,icnl physicist, and the 
inade uacy of soiiie o11c t’va )oration formula hns fre- 

-enern] cCirection, w-!iile tlie clirect, Ineasuremeiit of tliis 
Factor has naturdly been discourngecl by t.he hope that 
reliable means for its cdcdat.ion niay soon be forthcoming. 

Within the lnst, decide, however, there has arisen a pro- 
nounced and ever increasing int,erest in direct ntmometric 
nieasurement,s, an interest prininrjly due to t.hc activit,ies of 
plant physiologist,s, plnnt, and aiiininl (?cnlogist.s, a.nd stu- 
dent8 of ngriculture and forestry. These workers have 
been led to st,udy evn.porc:t,ion bv tbe estreine iniport,:ince 
of evaporation into the surromichg air in clet.eriiiiiiing t.he 
activities of many or aiiisiiis, especia.lly plii.nt,s niid lower 
animals. Its Wits ear7-j- npprecinted t11nt- t ~ i e  wnt,er re~ri- 
tion seems to furnish n more sut,isfact:orp basis for niany 
ecological interpret,nt,ions (of t,he relat.ions holding be- 
tween organisin md environment) t h n  docs any o tlier 
single one of the various environiiientri.1 rela.t.ions. Plants 
show by their very structure and a. pmrnnce their rela- 
tions to the moisture condit,ions o P their surroundings, 
while t>li eir t,e~l~perii t,urc., ligli t, n.11 il 111 eclia.11 i d  r d n .  t,ions 
are not iniiiiediii.t,clp n m r l ~  so pti,t,ent, nnd must, be sub- 
jected to esperiiiien t.8 t,ion hefore even approsiiimte deter- 
niiiintioii niay bc. possible. This point, is well illustrat.ed 
by the fact that ecologicnl cl:issihcat,ions of plant foruia 
has generally been based upon the water relation. Sinipll- 
inspection suffices t.0 c!ist,mguisli! with coiisidernble pre- 
cision, between seroph yt.es, niesophyt,ew, and liyclrophj-tes 
(representing various degrees of rcrop7i.!ily 1 nnd t.Iiese 
categories form the basis most conimonly eiiiployed for the 
classfication of vegetation forms. It is apparently ob- 

may have i . een due in part bo nunierous a.pptircnt diffi- 

ties litire iiroused 1101)~ t,hnt. evii.pornt.ion 11iit.y bscoJiie 

quent, i! y -ken rise to st.ill furt h er att,eiiipt,s in the same 

vious t.o the eye of tlie plant anatomist that a broad- 
leaved, clociduous forest niust require niore moisture than 
does a forest of needle-leaved conifers, and lie s e ~ s  just as 
clelearly that prairie grasses, cliaparral, and such fornis 
as cacti and yuccas require less water t,lian do ordinary 
forests, their water reyuirenieiit decreasiii in the order 
nanied. Natural veaetation meas anb a-ricultural 

rovinces 11nre so ftir Tieen clinrt,ed inninly on tqiis sort of 
Ensis. On tho other hand, no very serious atteni t.s have 

to their temperature or light relations (their different de- 
rees of th.w/i to~.~h:i ty  and of photop?i,&y, if such terms niaiy 

\Then phiit, ecologj- begnn to einerge from i tu  first 
dowript,irt! and tnsonomio phase attention was soon 
&rwt c d  to  t.liP iiie:i~s~~rement of environmental condi- 
t,ions :is these a.re related to plant activit.ies. The most 
obvious, if not. tlie most iniportant, of these conditions, 
tis frir as the a.t,niospliere is c1irrctJ-y concerned, is the 
evnporu.tion, and the inst.rument,at.iou of plant habitats 
113s niaile greater progress with t,liis fnctor than with any 
ot,her. S1ic11 progress has been i i i ~ l e  possible through a 
new developnien b of nt.moniet,ry. 

Aside from t.liis biological interest,, it should here be 
not,ecl that, evapor:it.ioii has long a.tkrnctec1 the attention 
of irriga t,ion aiid hydraulic enpiiiwrs, from whose reser- 
voirs evnporat.ed watcr represcnts a considerable loss, 
even in liuinicl regions. Also t.lie direct loss of soil mois- 
ture by eraporat,ion is frequently of great iniportance in 
sgricult,uml oper:: t,ions, and this niatt.er has not been 
ne4xtecl by st.udrnts of this field. 

h a  direct. ~iie~i.stirf~iiie!it, of evaporation has recently 
ti thxc t.ed niore :Lt ten t,iou from students of meteorology 
mid cliiiiatcdogy, who are coming to realize the practical 
futi1it)p of attempts to calculate the intensity of this 
factor from nien.surenie.nts of other atmospheric con- 
di t,ions. 

The present cleds with some considerations 

ical relalions, but these considerations may not be witi; 
011 t iiitcrest. t.o climatolo&t.s, especially t.0 those dealing 
with agricultural c\imatJogy. 

Some general prhciples of atmo?n.etq. 
The evaporating power’ of the air here denotes its 

ower t,o remove (or to allow the removal ofj water vapor 
k)~rom any given esposed surface of liquid or solid water. 
This power is to be measured as the time rate of such 
removal (2). 

It should be eluphasized a t  once that the wat,er surface 
from which evaporation Irocceds often plays as great a 

dit.ions. If diffe.rent sizes, shapes, or kinds of evapora- 
tion pans, or pans containing different amounts of water, 
are esposed t.o t.he same complex of aerial conditions, it 
has been repeatedly shown t,liat the rate of water loss per 
uilit of surface differs for the different pans em loyed. 

of loss map appenr t.o be t,lie same for short-time periods, 
due bo lack of precision in the measurements, but with 
pronounced ilifiereiices 1)rtwee.n t,he pans there is no 
difficulty in establisliiiig t,iiis principle. 

The rate of loss in such cases is not! a t  all directsly pro- 
!)ort.ion:il t.o t.lie area of witer surface espoaed. The rate 

yet been made to classify regetation forms wit P i regard 

Ec nllowell). 

brought foiwnrd Per y the study of evaporation in its biolo 

rale in the rate of water I oss as do the atmospheric con- 

If there is hut, slight differenco hctweeii two pans, t P ie rates 

.. ~ 

I Prof. Llrinzston does a service in thus emphasizing the ne+ for intercom arable 
atinnmeters and unirorm expsiire3 so far as the latter are sttnmable. The $eater 
Bureau reels. howeror, that I t  must protest against the uw of the inaccurate and mu- 
:eadinp esprossion “evaporrrting power of the air.” A s  Prof. Livingston hlmsell here 
defines the term. the air has no power to evaporate a liquid, only to hinder that e v a p e  
tion in a greater or lesser degree-lZdtm. 


